BACKGROUND: Concerns regarding the use of direct oral anticoagulants (DOACs: apixaban, dabigatran, edoxaban, rivaroxaban) in the elderly persist owing to the lack of randomised controlled trials targeting this age group. OBJECTIVES: The aim of this study was to assess the efficacy and safety of DOACs in elderly patients (aged 75 years or more) with atrial fibrillation or venous thromboembolism (VTE), based on already published large randomised trials. METHODS: EMBASE, MEDLINE and the Cochrane Library were searched from inception to June 2015 for phase III trials. Pooled odds ratios with 95% confidence intervals were calculated for the target population using the fixed effect model. Heterogeneity between trials was assessed using the I 2 Higgins test. RESULTS: A total of 30 655 participants aged 75 or older from eight studies (two apixaban, one dabigatran, two edoxaban, three rivaroxaban) were included in the statistical evaluation. Pooled analysis revealed that treatment with a DOAC was associated with a statistically significant odds reduction for stroke and embolism in elderly patients with atrial fibrillation. Also, DOACs significantly reduced the number of recurrent VTE events or VTE-related deaths in the participants aged 75 years or more with VTE. There was no statistically significant difference in safety outcome for both indications with DOAC compared with vitamin K antagonists although some differences in safety profiles between the DOACs were apparent. CONCLUSION: DOACs show the same or greater efficacy than vitamin K antagonists in elderly patients with atrial fibrillation and VTE. Individual differences between DOACs in terms of safety profile cannot be excluded on the basis of current evidence. Direct head-to-head comparisons are needed to investigate possible divergence in pharmacological profiles between DOACs. Additionally, further studies conducted in real-word settings and in the frail elderly are ongoing and it would be interesting to target this particular patient group.
Introduction
Atrial fibrillation is the most frequent cardiac arrhythmia, with a prevalence of approximately 1.5 to 2% in the general population in developed countries. This disorder is associated with a high mortality, morbidity and impairment of quality of life [1] . The CHA2DS2-VASc score (congestive heart failure / left ventricular dysfunction, hypertension, age ≥75 years, diabetes mellitus, prior stroke / transient ischaemic attack / systemic embolism, vascular disease, aged 65 to 74 years, gender category) has been validated to stratify the stroke risk of patients with atrial fibrillation. Oral anticoagulant therapy should be considered for patients with a score of 1, and is recommended for patients with a score of ≥2 unless contraindicated [2] . Next to atrial fibrillation, venous thromboembolism (VTE) is a common indication for anticoagulation therapy. Pulmonary embolism and deep venous thrombosis are manifestations of VTE. The incidence of VTE is approximately 1 per 1000 annually in the adult population [3] . It is a common condition, which is associated with acute morbidity and mortality [4] . Upon diagnosis of VTE, antithrombotic agents are administered to prevent the progression of deep venous thrombosis and pulmonary embolism, and to relieve the acute symptoms associated with these conditions. Since 2009 four products have been approved by the US Food and Drug Administration (FDA) and by the European Medicines Agency (EMA) and are available to prescribers: rivaroxaban (Xarelto ® , Bayer), apixaban (Eliquis ® , Pfizer), dabigatran (Pradaxa ® , Boehringer-Ingelheim) and edoxaban (Lixiana ® /Savaysa ® , Daiichi Sankyo). Their efficacy and safety have been assessed in large phase III trials. Compared with vitamin K antagonists (VKAs), DOACs have shown a favourable risk-benefit profile in patients with atrial fibrillation or VTE [5] [6] [7] [8] [9] [10] [11] [12] . With the ageing of the population, atrial fibrillation is becoming a growing global public health problem. The prevalence of atrial fibrillation among elderly (>75 years) is 10% [13] . The lifetime risk of suffering a stroke increases with age [14] . It is estimated that in 2050, the annual economic burden of atrial fibrillation is expected to be $30 billion in the USA [15] . Age is also considered to be a major risk factor for VTE and is associated with a rise in incidence of pulmonary embolus and deep venous thrombosis. Patients aged 70 years or older have an 18-to 28-fold increase in risk for deep venous thrombosis or pulmonary embolism compared with patients aged 20-29 years [16] . Although VKAs are considered the gold standard of therapy for stroke prevention in atrial fibrillation and VTE, VKAs remain underused because of concerns about VKArelated bleeding [17] . In patients aged 75 years or older, the incidence of VKA-related bleeding rises up to 5% per year [18] . VKAs are among the greatest medication-related risk factors for adverse drug reactions in the elderly [19] . As a consequence, studies have shown that only 50 to 60% of patients with atrial fibrillation eligible for anticoagulation are under oral anticoagulant therapy [20] [21] [22] [23] [24] . Furthermore, the complexity and inconvenience associated with VKA therapy favour nonadherence [25] . Among other risk factors, poor cognitive functions have been shown to favour VKA nonadherence [26] . Since their introduction on the market, DOACs are prescribed more and more for elderly populations [27] . Although all landmark studies comparing VKAs with DOACs included patients aged 65 years or more, concerns on the external validity of the results in this age group, and particularly among the frail elderly, have been raised [28, 29] . In 2014, a meta-analysis comparing rivaroxaban, apixaban and dabigatran with VKAs showed that DOACs were associated with equal or greater efficacy than VKAs in the prevention of stroke and systemic embolism in elderly patients with nonvalvular atrial fibrillation. Similar results were found for the prevention of VTE or VTE-related death. Interestingly, no higher bleeding risks were reported for this age group [30] . Recently, these results were confirmed by another meta-analysis including edoxaban in patients with nonvalvular atrial fibrillation as well as patients with acute VTE and extended treatment of VTE [31] . Direct head-to-head comparisons of DOACs have not yet been published. Previous meta-analyses of direct and indirect comparisons have provided some interesting insights regarding the safety and efficacy of DOACs when compared with each other [32, 33] . To our knowledge, no study so far has conducted indirect comparisons between DOACs in the particular subgroup of patients aged 75 years or more. The aim of this article was to: (a) undertake a meta-analysis on the efficacy and safety of rivaroxaban, apixaban, edoxaban and dabigatran compared with VKAs in patients aged 75 years or more with nonvalvular atrial fibrillation or acute venous thromboembolism, (b) conduct indirect comparisons between the different DOACs. This will set the frame for a discussion on the use of DOAC in the elderly and particularly in the frail elderly.
Methods

Type of studies, participants and interventions
Phase III trials that compared direct oral anticoagulants (dabigatran, apixaban, rivaroxaban and edoxaban) with vitamin K antagonists or a consecutive regimen of low molecular weight heparin (LMWH) and VKAs were included. Studies were included if the indication was acute venous thromboembolism or atrial fibrillation. We decided to exclude studies if the control arm was placebo, if the treatment indication was thromboprophylaxis or if they were assessing the efficacy and safety of DOACs with antiplatelet therapies. We also excluded studies assessing extended use of anticoagulation therapy, i.e., therapy extended beyond the initial period of treatment, as bleeding complications are more frequent in the early months after initiation of the therapy [34, 35] .
Definition of outcomes
The outcomes of interest were the efficacy and safety of the DOAC compared with VKAs. The primary efficacy endpoint for patients with VTE was a composite of DVT, nonfatal and fatal pulmonary embolus. In studies assessing the use of DOACs in nonvalvular atrial fibrillation, the primary efficacy endpoint was a composite of stroke and systemic embolic events. The primary efficacy endpoints were similar across the included studies with some minor differences (appendix 1). The primary safety outcome was either major bleeding or a composite of major bleeding and clinically relevant nonmajor bleeding. In contrast to a previous meta-analysis conducted in the same age group, we decided that clinically relevant non-major bleeding should be considered in our primary composite safety outcome [31] . Indeed, we consider that the impact of clinically relevant non-major bleeding in the elderly in terms of morbidity might be important enough to be considered as primary safety endpoint, hence the choice of a composite safety endpoint of major bleeding and clinically relevant non-major bleeding. Additionally, previous studies have highlighted that a previous history of bleeding (independent of the severity) in elderly patients impacts on the prescriber's decision about anticoagulation therapy [36] . All the included studies defined major bleeding according to the definition from the International Society on Thrombosis and Haemostasis [37] . The definition of clinically relevant non-major bleeding varied somewhat between included trials (appendix 2).
Search methods
After defining the scope of our systematic review, we conducted an electronic search of the following databases from inception to June 2015: the Cochrane Library (CENTRAL), Medline (through Ovid) and Embase (through Ovid). We did not apply any language restrictions. The search strategy can be found in the appendix 3.
Data extraction, collection and analysis
Two reviewers independently screened the titles and abstracts obtained in the search process. If one study was included by one reviewer only, the full article was assessed for eligibility by the other reviewer. Disagreements and doubts were resolved by consensus. The two reviewers independently extracted the data of included studies by using an electronic data extraction form. We developed our own data extraction form using the Cochrane Collaboration data collection form for randomised controlled trials as reference [38] . The data items extracted were: study design, intervention, indication, patients' characteristics, follow-up time, type of statistical analysis, primary endpoint definitions and data on primary and efficacy outcome by age subgroup. Data were doubled-checked by the authors before they were entered into the analysis software. All analyses were conducted with the R Statistical Software (Foundation for Statistical Computing, Vienna, Austria). We first conducted a meta-analysis comparing DOACs to VKAs by using the package "meta". Indirect comparisons between DOACs were undertaken using "netmeta" [39, 40] . For each included trial, dichotomous data was summarised as odds ratios (ORs), and their corresponding 95% confidence intervals (CIs) were generated and pooled in fixed effect models with inverse-variance weighting. Statistical significance was set for a two tailed alpha level of 0.05.
Assessment of heterogeneity
We tested for heterogeneity between the included trials with the Higgins I 2 statistic. I 2 values of 25% represented a low amount of heterogeneity, and I 2 values of 50% and 75%, moderate to high amount of heterogeneity, respectively. We intended to assess publication bias through funnel plot asymmetry and by using the Egger's regression test only if at least 10 studies were included owing to the lack of power of this test when the number of studies included in the analysis is 10 or less [41, 42] . Sensitivity analysis was conducted by excluding open-label trials. For the studies where two different dosages were compared with the same control group, we decided to undertake separate pooled analysis including either the low dose or the high dose.
Assessment of reporting biases
To assess the risk of bias for included studies we used the Cochrane Collaboration's tool for assessing risk of bias including sequence generation, allocation concealment, blinding of participants, personnel and outcome assessors, handling of incomplete outcome data, and selective outcome reporting [42] . We used PRISMA (Preferred Reporting Items for Systematic reviews and Meta-analyses) as a reference for reporting [43] .
Results
A total of 3720 publications were identified according to our predefined inclusion criteria. The process of title and abstract screening left 51 articles on which we conducted a full text review ( fig. 1 ). In total, we identified eight randomised controlled trials: four studies on atrial fibrillation and four studies on venous thromboembolism. For two of the included trials (ARISTOTLE, RE-LY) we included data from additional reports publishing subgroup analyses [44, 45] . We identified several potential sources of heterogeneity among our included studies: study design (five doubleblind randomised controlled trials, three prospective randomised open-label blinded endpoint [PROBE] studies),
Figure 1
Study flow chart.
Figure 2
Risk of bias summary. Green: low risk, red: high risk, white: unclear risk.
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Swiss Med Wkly. 2016;146:w14356 follow-up period (3 months to 2.8 years), primary analysis and safety endpoint definition for clinically relevant nonmajor bleedings. Characteristics of the included trials can be found in table 1. We included a total of 30 655 patients aged 75 years or older (table 2) . Limited information was included in the published data on the baseline characteristics (body mass index, weight, renal clearance) of this subgroup. When assessing the risk of bias in our included trials, we found that most of the studies were associated with low risk of bias ( fig. 2 ). In particular, for the three PROBE trials, we considered the performance bias and detection bias to be low risk. Indeed, the potential for bias was limited because an independent committee blinded to the treatment assignment adjudicated the suspected events in the three trials [46, 47] . Concerning the safety outcome, we considered the risk of bias as low to moderate. Although observer bias cannot be excluded in PROBE trials, recent surveys have shown that when robust endpoints are used, there is no statistical difference between outcomes in double-blind trials and PROBE trials, which can be attributed to the design alone [48, 49] . Reporting bias was common for bleeding outcomes in the elderly subgroup. Limited information Forest plot of stroke or systemic embolism in patients with atrial fibrillation aged 75 years or over for analysis including low-dose dabigatran and edoxaban. CI = confidence interval; experimental = direct oral anticoagulants; control = vitamin K antagonists
Figure 5
Forest plot of composite major and clinically relevant non-major bleeding in patients with atrial fibrillation aged 75 years or over for analysis including high-dose dabigatran and edoxaban. CI = confidence interval; experimental = direct oral anticoagulants; control = vitamin K antagonists was available regarding the profile of patients experiencing bleeding events. We therefore considered reporting bias to be a high risk of bias for the trials concerned. We estimated that the number of included trials was too low to give enough power to assess publication bias through a funnel plot or more advanced regression tests.
Direct oral anticoagulants versus vitamin K antagonists
Direct oral anticoagulants in patients with atrial fibrillation The composite endpoint stroke or systemic embolism was reported in four of the included trials. When high-dose dabigatran (150 mg) and edoxaban (60 mg) were considered, DOACs were associated with a significant 29% odds reduction in stroke or systemic embolism (OR 0.71, 95% CI 0.62-0.82). There was a low heterogeneity associated with these results (I 2 0%, P heterogeneity 0.63) ( fig.  3 ). Similar results were found when low-dose dabigatran (110 mg) and edoxaban (30 mg) were considered (OR 0.84, 95% CI 0.73-0.96, I
2 0%, P heterogeneity 0.51) ( fig. 4 ). However, this effect is mainly driven by the ARISTOTLE and ROCKET trials. When considered separately, both dabigatran and edoxaban in reduced dose did not show a statistically significant difference compared with VKAs (OR 0.89, 95% CI 0.66-1.19 and OR 0.95, 95% CI 0.73-1.24, respectively). In our analysis including high-dose dabigatran and edoxaban, there was no statistical difference between DOACs and VKAs in the major bleeding outcome (OR 0.98, 95% CI 0.90-1.06, p = 0.60). The result showed a high heterogeneity (I 2 89%, P heterogeneity <0.0001) ( fig. 5 ). High-dose edoxaban and apixaban were the two DOACs that showed a statistically significant difference compared with VKAs. Interestingly, when low-dose edoxaban and dabigatran were included in the analysis, a statistically significant 12% odds reduction was observed (OR 0.88, 95% CI 0.80-0.96, p = 0.004) ( fig. 6 ). However, these results were associated with a high heterogeneity (I 2 95%, P heterogeneity <0.0001). In order to explore the heterogeneity, we performed a sensitivity analysis excluding the RE-LY trial, which was an open-label trial. The sensitivity analysis showed a statistically significant reduction in the number of major bleeding or clinically non-relevant bleeding events compared with warfarin in the analysis including low-dose edoxaban (OR 0.85, CI 95% 0.77-0.94, p = 0.001) but not highdose edoxaban (OR 0.94, CI 95% 0.85-1.03, p = 0.17). However, both analyses were associated with statistically significant high heterogeneity (I 2 96%, P heterogeneity <0.0001 for analysis including edoxaban 60 mg and I 2 91%, P heterogeneity <0.0001 for analysis including edoxaban 30 mg). We did not have baseline characteristics of the participants aged ≥75 years old in these trials (body mass index, weight, concurrent medication, aspirin use), which could have helped us to explain the remaining heterogeneity. 7 ). There was a statistical difference between DOACs and VKAs in the major or clinically relevant non-major bleeding events (OR 0.63, 95% CI 0.46-0.85, p = 0.003) ( fig. 8 ). There was a statistically significant moderate heterogeneity in the results (I 2 73%, P heterogeneity 0.01). The results were mainly driven by the HOKUSAI-VTE study. We considered that heterogeneity might be explained by the fact that the safety outcome in AMPLIFY (2013) concerned major bleeding events only, whereas the EINSTEIN DVT (2010), EINSTEIN PE (2012) and HOKUSAI VTE (2013) defined the primary safety outcome as major and clinically relevant non-major bleeding. We saw a statistical difference when the openlabel trials were excluded (OR 0.72, 95% CI 0.52-1.00); the results showed a high heterogeneity (I 2 79%, P heterogeneity 0.03). 
Indirect comparisons of direct oral anticoagulants in the elderly
Direct oral anticoagulants in patients with atrial fibrillation
Direct oral anticoagulants in patients with venous thromboembolism
Indirect comparison of DOACs for the composite endpoint recurrent VTE or VTE-related death did not show any statistical difference. However, edoxaban showed a statistically significant higher odds ratio for bleeding when compared with apixaban (OR 3.58, 95% CI 1.13-11.40) and rivaroxaban (OR 2.94, 95% CI 1.22-7.08). As we did not have access to the number of events in the two dose groups of edoxaban in the HOKUSAI trial, we could not assess whether this effect was confirmed with a reduced dose of edoxaban ( fig. S3, appendix 4) .
Discussion
The purpose of this review was to assess the safety and efficacy of apixaban, dabigatran, edoxaban and rivaroxaban in the elderly participants with nonvalvular atrial fibrillation or acute symptomatic VTE. After comparing DOACs with VKAs we conducted indirect comparisons between DOACs in order to address current lack of evidence regarding head to head comparisons between these substances in the elderly.
In accordance with previous meta-analyses of the same age group, pooled analysis of DOACs by indication (nonvalvular atrial fibrillation or VTE) revealed that, in terms of efficacy, DOACs were superior to VKAs in prevention of stroke or systemic embolism as well as VTE or VTE-related death [31, 50] . Although pooled analysis of safety outcomes did not reveal statistically significant differences from VKAs, these results were associated with a moderate
Figure 6
Forest plot of composite major and clinically relevant non-major bleeding in patients with atrial fibrillation aged 75 years or over for analysis including low dose dabigatran and edoxaban. CI = confidence interval; experimental = direct oral anticoagulants; control = vitamin K antagonists
Figure 7
Forest plot of composite endpoint recurrent VTE or VTE-related death in patients with VTE aged 75 years or over. CI = confidence interval; experimental = direct oral anticoagulants; control = vitamin K antagonists; DVT = deep vein thromboembolism; PE = pulmonary embolism; VTE = venous thromboembolism
Figure 8
Forest plot of composite safety endpoint major bleeding and clinically significant non-major bleeding in patients with VTE aged 75 years or over. CI = confidence interval; experimental = direct oral anticoagulants; control = vitamin K antagonists consider that the impact of clinically relevant non-major bleeding in the elderly in terms of morbidity might be important enough to be considered a primary safety endpoint, hence our choice of a composite safety endpoint of major bleeding and clinically relevant non-major bleeding. As suggested by previous reports, the fear of bleeding risk as well as a prior history of bleeding (independent of severity of bleeding) impact on the prescriber's choice of beginning or amending anticoagulation therapy [36] . Second, baseline differences in risk of bleeding in this age group cannot be excluded. Limited information was avail- Major bleeding CRNMB = clinically relevant non-major bleeding; DVT = deep venous thromboembolism; INR = prothrombin time international normalised ratio; ITT = intention to treat; LMWH = low molecular weight heparin; NVAF = nonvalvular atrial fibrillation; OT = on treatment; PE = pulmonary embolism; PP = per protocol; PROBE = prospective randomised open blinded endpoint; VTE = venous thromboembolism, (1) Participants were categorised in the group to which they were randomised unless they received incorrect study treatment during the study. In this case, subjects were categorised according to the treatment received. (2) Dose reduction if included subjects fulfilled at least 2 of the following criteria: age >80 years, weight <60 kg, serum creatinine ≥1.5 mg/dl (3) Analysis of bleeding events that occurred during treatment or within 2 days after end of treatment (4) Analysis of bleeding events and mortality (5) Dose reduction if creatinine clearance 30-49 ml/min (inclusive) (6) ITT population analysis if noninferiority proved in the PP population (7) All randomised participants who received at least one dose of randomised study drug. OT analysis method used for the randomised treatment even if a subject inadvertently received the incorrect drug or dosage or had his/her dose reduced during the study (8) If non inferiority was proven (9) Subjects with one or more of the following criteria had a 50% dose reduction: creatinine clearancel ≥30 ml/min and ≤50 ml/min, concomitant use of verapamil and quinidine (10) All randomised subjects who received at least one dose of randomised study drug. Analyses based on the randomised treatment even if a subject inadvertently received the incorrect study drug. Although pooling of DOACs helped to provide a general overview of their position compared with VKAs, some trends for differences between DOACs became noticeable and were eventually strengthened in our indirect comparisons analysis.
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Apixaban
Previous reports from the ARISTOLE trial have highlighted the favourable efficacy-safety profile of apixaban in elderly patients, as well as in patients with impaired renal function [52, 53] . Our meta-analysis included two phase III trials, ARISTOTLE and AMPLIFY, comparing apixaban to VKAs. In the prevention of stroke or systemic embolism, apixaban was superior to VKAs, while non-inferiority to VKAs was found in patients with VTE. Indirect comparisons between apixaban and other DOACs did not reveal statistically significant differences in terms of efficacy. Interestingly, while apixaban was associated with a decreased risk of bleeding compared with VKAs, indirect comparisons revealed that bleeding risk in patients with nonvalvular atrial fibrillation under apixaban was significantly less than with rivaroxaban and both doses of dabigatran, although the difference was more pronounced with high-dose dabigatran. Two factors could explain these results: differences in trial design (ARISTOTLE was a randomised controlled trial, RE-LY was a PROBE trial) and differences in trial populations. In particular, in patients aged 75 years or more, the mean CHADS2 score was 3.7 in the ROCKET trial, but only 2.7 in the ARISTOTLE trial, suggesting the inclusion of lower-risk patients. Similarly, nearly 40% of the elderly participants were under aspirin therapy in the ROCKET trial compared with 31% in the ARISTOTLE trial, whereas in the RE-LY trial, the number of patients taking aspirin was higher than in the ARISTOTLE trial (D110: 40%, D150: 38.7%). As such, the exact superiority of apixaban over other DOACs has still to be confirmed, in particular because comparison of apixaban with rivaroxaban and edoxaban in patients with VTE did not confirm superiority of apixaban over rivaroxaban. This suggests that differences in study populations might have explained its superiority over other DOACs in patients with nonvalvular atrial fibrillation. Notably, a recent study directly comparing dabigatran, rivaroxaban and apixaban showed that apixaban was associated with lower bleeding risk compared with the other DOACs in patients with nonvalvular atrial fibrillation [54] . Although this was not a randomised controlled study, the conclusions confirm our results. In order to further explore the safety and efficacy of apixaban under "real-world" conditions, the J-ELD AD multicentre observational study in Japanese elderly patients was launched in 2016 and should provide additional insights regarding the use of apixaban in the elderly [55] .
Dabigatran
The safety and efficacy profile of dabigatran in stroke and systemic embolism prevention in elderly patients seems to be dependent on the dose used. Indeed, although dabigatran 150 mg was associated with a reduction in stroke or systemic embolism compared with VKAs, this might come at the expense of safety, suggested by a trend for increased risk of bleeding compared with VKAs. In contrast, dabigatran 110 mg showed non-inferiority to VKAs in terms of efficacy as well as safety. Real-world data have provided some valuable insights into the role of dabigatran in elderly patients. An audit conducted in New Zealand showed that age was a risk factor associated with bleeding events under dabigatran. This risk was compounded by renal impairment and low body weight [56] . A recent retrospective cohort study among 219 027 patients in the USA showed that by the age of 76, the risk of gastrointestinal bleeding with dabigatran or rivaroxaban exceeded that with warfarin [57] . The effect of a dose reduction of dabigatran on bleeding events could not be tested as dabigatran 110 mg has not been approved by the FDA. The importance of a dose reduction in the elderly is supported by a recent Danish cohort study, which confirmed that patients under low-dose dabigatran did not show a statistically significant difference in major bleeding events compared with VKA patients [58] . A post hoc analysis of the RE-LY trial revealed that the bleeding rates with dabigatran 110 mg were not different from those in VKA in patients aged ≥80 years, whereas for patients under dabigatran 150 mg, an increased bleeding rate was seen [59] . Recently, a population-based study using administrative databases in Quebec and including a total of 42 478 elderly patients with nonvalvular atrial fibrillation showed that neither dabigatran dose differed from VKAs in terms of safety. However, low-dose dabigatran was associated with reduced risk for intracranial bleeding but increased risk for gastrointestinal bleeding [60] . Apart from the difference between apixaban and dabigatran already discussed, indirect comparisons suggest that the two might differ in terms of safety profile. Interestingly, higher CHADS2 score in the ENGAGE AF TIMI 48 (mean 3.2) compared with the RE-LY group (dabigatran 110 mg: 2.1, dabigatran 150 mg: 2.2) suggest the inclusion of higher risk patients in the ENGAGE AF-TIMI 48 trial than in the RE-LY trial. However, the proportion of participants under aspirin therapy in the ENGAGE AF-TIMI 48 trial (29%) was less than in the RE-LY trial (D110: 40%, D150: 38.7%). Whether indirect comparisons reflect differences in risk of bleeding in the included population or a true difference in pharmacological profile has still to be confirmed.
Edoxaban
We found that high-dose edoxaban was associated with a reduction in stroke and systemic embolism, as well as bleeding events, compared with VKAs in patients with nonvalvular atrial fibrillation. Low dose edoxaban showed non-inferiority compared with VKA in terms of efficacy but with fewer bleeding events than VKAs. Forty-one percent of patients aged 75 years or older received low-dose edoxaban, most commonly (89%) owing to the presence of moderate renal dysfunction (creatinine clearance <50 ml/ min). The effect of low-dose edoxaban might be explained by a decrease in median edoxaban plasma concentration (from 30% to 40%) and a decrease in median anti-factor Xa activity of 20% to 40% [61] . Unfortunately, we were not able to confirm the effect of dose reduction in patients with VTE, as no subgroup analysis for both dosages of edoxaban was available from the HOKUSAI VTE study. Interestingly, indirect comparisons of edoxaban with rivaroxaban and dabigatran revealed superiority in terms of bleeding risk reduction. Similar results were reported in two previous meta-analyses that provided indirect comparisons between edoxaban and other DOACs in patients with nonvalvular atrial fibrillation as well as in a subgroup of nonvalvular atrial fibrillation patients with CHADS2 Score ≥2 [62, 63] . Here again, a difference in baseline risk between the populations cannot be excluded and head-tohead comparisons are mandatory before drawing conclusions.
Rivaroxaban
Rivaroxaban was non-inferior to VKAs in patients with nonvalvular atrial fibrillation and VTE. However, in the ROCKET trial, patients under rivaroxaban treatment had higher bleeding rates. When compared with other DOACs, rivaroxaban showed a less favourable safety profile. These results have, of course, to be interpreted with extreme caution, particularly because of the already discussed heterogeneity of the included populations. Real-world data are needed to confirm these suspicions.
Real-world data have addressed some limitations associated with our included studies. The percentage of patients aged 75 years or more ranged from 12.76 to 43.21%, depending on the study. By inspection of the exclusion criteria applied in these studies, it is legitimate to question whether the elderly group in the included trials is sufficiently representative of all potential elderly patients who could benefit from DOACs. Patients with severe comorbidities with reduced life expectancy (ranging from 1 year to 2 years depending on the trial) were systematically excluded from the studies. Most elderly people, though, are suffering from multiple comorbidities such as chronic heart or renal failure with known high mortality [64] [65] [66] . In addition to this, the exclusion of persons with known psychosocial reasons that made participation in the trial impracticable and of patients hospitalised for psychiatric issues represents another uncertainty about the external validity of these results. Demented persons, for whom the informed consent process is challenging, and disabled elderly people living isolated at home or in nursing homes were likely to be excluded. Most of the current recommendations include low bodyweight and impaired renal clearance as criteria in addition to age for dose adaptation in the elderly (tables 3 and 4). Nevertheless, the lack of proper clinical evidence on the use of DOACs in the frail elderly raises concerns on whether these recommendations apply for this particular group. Frailty is a clinical syndrome with varying community prevalence from 4.0 to 59.1% [67] . It is defined by unintentional weight loss (10 lbs in past year), self-reported exhaustion, weakness, slow walking speed and low physical activity [68] . Frail elderly are at higher risk for falls, disability, hospitalisation and mortality [69] [70] [71] . The right choice for anticoagulation in this patient group is therefore of utmost importance. The evidence for DOACs in the frail elderly remains very sparse. Prescribers are asked to carry a thorough risk-benefit analysis before starting DOAC therapy in this particular group. Recent reviews have offered recommendations for the use of DOACs in the frail elderly based on real clinical settings and previous VKA experience [72] [73] [74] . Nevertheless, further studies, from pharmacological to clinical, should be conducted in this particular group to provide clinicians with the necessary evidence to choose between a VKA and a DOAC.
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Our study has a number of limitations. First, we conducted a meta-analysis on aggregated published data from randomised controlled trials, instead of individual patient data, which can be a potential source of bias. Second, we are aware that there is also some heterogeneity as we included studies with various populations, interventions and follow up. Third, we had no access to the baseline characteristics (body mass index, weight, concurrent medication) for our population of interest. This would have helped to further understand the efficacy and safety profile of the DOAC in the elderly. Fourth, we could not perform meta-regression owing to an insufficient number of trials. Fifth, we are aware that the population included in the randomised controlled trials is not always totally representative of everyday practice. Sixth, for the data analysis, we used the median follow-up to calculate the number of events from the rates given, assuming that the risk stayed constant over time. Seventh, we cannot exclude a reporting bias regarding the safety outcome in the open-label studies. Eighth, while we tried to avoid inter-trial heterogeneity when conducting indirect comparisons by selecting a subgroup of patients (75 years or more), we cannot exclude the possibility that some of the differences in trial design and baseline characteristics of participants might have an impact on our results.
To conclude, DOACs are associated with at least non-inferiority in stroke and systemic embolism prevention in patients with atrial fibrillation and in recurrent VTE or VTE-related death in patients with VTE. Although pooled analysis revealed no difference in bleeding events between DOACs and VKAs, these results were associated with moderate to high heterogeneity. Indirect comparisons between DOACs confirmed some tendencies reported in previous studies and reviews. Direct comparative studies of the DOACs should be undertaken in order to detect possible pharmacological differences among DOACs, which could help to adapt the prescription to a particular patient profile. Also, caution should be applied in interpreting these results, as the participants might not be representative of the elderly population in general. In particular, proper evidence for the frail elderly is missing, preventing conclusions on the efficacy and safety of DOACs in this specific patient group. Further studies should be undertaken in this age group to offer a confident basis of evidence for prescribers. 
Rivaroxaban ■, Apixaban ▲, Edoxaban •, Dabigatran ◆ NR = Not recommended (1) USA: no adaptation recommended (2) USA only A stroke is defined as an abrupt onset, over minutes to hours, of a focal neurological deficit in the distribution of a single brain artery that is not due to an identifiable non-vascular cause (i.e., brain tumour or trauma), and that either lasts at least 24 hours or results in death within 24 hours of onset. A systemic embolic event (SEE) is defined as an arterial embolism resulting in clinical ischaemia, excluding the central nervous system, coronary and pulmonary arterial circulation.
ARISTOTLE
Diagnosis of stroke will require the abrupt onset of focal neurological symptoms lasting at least 24 hours. It is strongly recommended (but not required) that an imaging procedure such as a CT scan or magnetic resonance imaging (MRI) be performed. All strokes will be classified as definite ischaemic, definite haemorrhagic or type uncertain. A vascular imaging procedure such as a carotid ultrasound is recommended whenever possible (but not required) for subclassification of ischaemic strokes into cardioembolic, lacunar or large artery. The level of disability and stroke severity will be assessed at presentation and at the next two regularly scheduled follow-up visits using the modified Rankin score. Systemic embolism will be judged to occur where there is a clinical history consistent with an acute loss of blood flow to a peripheral artery (or arteries), which is supported by evidence of embolism from surgical specimens, autopsy, angiography, or other objective testing.
ROCKET-AF Stroke is defined as a new, sudden, focal neurological deficit resulting from a presumed cerebrovascular cause that is not reversible within 24 hours and not due to a readily identifiable cause such as a tumour or seizure.
If an event matching this definition lasts less than 24 hours it will be considered a transient ischaemic attack (TIA). The duration of symptoms for a TIA will be recorded as will the results of any imaging procedures. Transient ischaemic attack events with documented cerebral infarction in the appropriate location to explain the clinical syndrome will be recorded. All suspected strokes (including TIA) will be reviewed and adjudicated by the CEC. Whenever possible, the use of CT scanning or MRI should be employed to assist in the classification of strokes. Further, the CEC will consider all clinically relevant information and imaging studies to classify all strokes as:
• Primary haemorrhagic -stroke with focal collections of intracerebral blood. Events of subarachnoid, subdural, and epidural haemorrhage will be recorded, but these events will not be considered part of the primary efficacy endpoint.
• Primary ischaemic infarction -stroke without focal collections of intracranial blood. The occurrence of haemorrhagic conversion of a primary ischaemic infarction will be recorded including whether it was symptomatic or asymptomatic. Stroke subtype will be assessed as cardioembolic, non-cardioembolic (e.g., atherothrombotic, lacunar, other known cause) and uncertain.
• Uncertain -no imaging or autopsy data available Subjects who die within 30 days of the onset of the stroke will be regarded as having had a fatal stroke. Subjects who have a stroke and then die more than 30 days after the onset of the stroke will be regarded as having non-stroke death. Non-CNS systemic embolism Non-CNS systemic embolism is defined as abrupt vascular insufficiency associated with clinical or radiological evidence of arterial occlusion in the absence of other likely mechanisms, (e.g., trauma, atherosclerosis, instrumentation). In the presence of atherosclerotic peripheral vascular disease, diagnosis of embolism to the lower extremities should be made with caution and requires angiographic demonstration of abrupt arterial occlusion.
RE-LY
Stroke was defined as the sudden onset of a focal neurological deficit in a location consistent with the territory of a major cerebral artery and categorised as ischaemic, haemorrhagic, or unspecified. Haemorrhagic transformation of ischaemic stroke was not considered to be haemorrhagic stroke. Intracranial haemorrhage consisted of haemorrhagic stroke and subdural or subarachnoid haemorrhage. Systemic embolism was defined as an acute vascular occlusion of an extremity or organ, documented by means of imaging, surgery, or autopsy.
Information extracted from each study protocol. For RE-LY trial, endpoint definitions were extracted from the published review.
Systematic review
Swiss Med Wkly. 2016;146:w14356 -Intramuscular haematoma documented by ultrasonography -Epistaxis that lasted for more than 5 minutes, was repetitive (i.e., two or more episodes of bleeding more extensive than spots on a handkerchief within 24 hours), or led to an intervention (e.g., packing or electrocoagulation) -Gingival bleeding occurring spontaneously (i.e., unrelated to eating or tooth brushing) or lasting for more than 5 minutes -Haematuria that was macroscopic and was spontaneous or lasted for more than 24 hours after instrumentation (e.g., catheter placement or surgery) of the urogenital tract -Macroscopic gastrointestinal haemorrhage, including at least one episode of melaena or haematemesis, if clinically apparent with positive results on a faecal occult blood test -Rectal blood loss, if more than a few spots on toilet paper -Haemoptysis, if more than a few speckles in the sputum and not occurring within the context of pulmonary embolism -Any other bleeding type considered to have clinical consequences for a patient such as medical intervention, the need for unscheduled contact (visit or telephone call) with a physician, or temporary cessation of a study drug, or associated with pain or impairment of activities of daily life Any one or more of the criteria met the definition of either major or clinically relevant bleeding Information extracted from each study protocol. Forest plot of stroke or systemic embolism in patients with atrial fibrillation aged 75 years or over for analysis including high-dose dabigatran and edoxaban. CI = confidence interval; experimental = direct oral anticoagulants; control = vitamin K antagonists
Figure 4
Forest plot of stroke or systemic embolism in patients with atrial fibrillation aged 75 years or over for analysis including low-dose dabigatran and edoxaban. CI = confidence interval; experimental = direct oral anticoagulants; control = vitamin K antagonists
Figure 5
Forest plot of composite major and clinically relevant non-major bleeding in patients with atrial fibrillation aged 75 years or over for analysis including high-dose dabigatran and edoxaban. CI = confidence interval; experimental = direct oral anticoagulants; control = vitamin K antagonists
Systematic review
Figure 6
Figure 7
Figure 8
Forest plot of composite safety endpoint major bleeding and clinically significant non-major bleeding in patients with VTE aged 75 years or over. CI = confidence interval; experimental = direct oral anticoagulants; control = vitamin K antagonists
